Introduction
In a communication system, the multipath reflection and attenuated change will cause random fluctuations of the signal when the signal is transmitted in a wireless channel. The Doppler effect caused by relative motion between mobile station and base station makes the channel characteristics change over time. The faster the movement speed is, the faster the change of channel is.
The channel change is caused by Doppler effect, and the degree of change is related to the relative velocity in the certain carrier frequency. The data is analyzed according to the test data of data file 1, 2 and 3. The laws are explored where velocity affects accuracy of constructed model. The fittings of Fourier model tree are verified at the velocities of 90 km/h, 270 km/h, 450 km/h. An analysis of how the change of velocity causes the change of fitting accuracy is made. I have published the article "Fast time-varying channel model research for data processing of wireless communication". The method of Fourier model tree is introduced in detail in that paper. In this paper, with the increase of the experimental data, the method of employing the Fourier model tree to solve channel model at different rates can simulate data into graphs better for comparison. According to the channel parameters in the attachment file, multipath time-varying channel is simulated. The simulation results are fitted by the method of the Fourier model tree to check up the accuracy of the model tree. The variation of BER with SNR is calculated for the simulation of multipath fading channel. I make abstract mathematical model for multipath time-varying channel to compare with the AGWN channel. I also make a comparative analysis between the EBR of AGWN channel and the increase of the SNR [1] .
Doppler Frequency Shift and Multipath Effect

Doppler Frequency Shift
The mobile channel is a typical random channel. When the mobile station moves at the constant rate in the path of length d and terminals X and Y, it receives signals from signal source S, as shown in Figure 1 . The radio waves start from signal source S and they are respectively accepted by the mobile station at points X and Y. So the difference between the two paths traveled by these two radio waves will be: cos cos 
The Multipath Effect
The multipath effect is the delayed interference effect caused by the multipath transmission phenomenon of radio propagation channel. In the actual radio waves propagation channel (including all band), there are a lot of transmission paths with different time-delays. In the case of N paths, the channel output can be represented as:
represent the attenuation and propagation-delay associated with the Nth multipath component and they are both the function of time. The complex envelope of the receiver's input signal caused by the large amount of scattered components is the complex Gauss process. The expect is zero and there is a direct path. The amplitude obeys the Ricean Distribution. It is assumed that the channel input is a modulated signal [3] .
The form of the complex envelop is ( ) ( ) 
However, 
The complex path attenuation can be defined as,
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So the complex envelop of receiver's input is ( ) ( 
where τ expresses propagation-delayed.
The Channel Model in Different Rate Is Solved by the Method of Fourier Model Tree
The data file 1, 2 and 3 are the tested impulse function values of channels. They are a series of impulse response sequences with an increasement during each unit sampling time, and the values are plural. I separate the real and imaginary parts. According to data file 1, the actually measured data can be obtained at the velocity of 90 km/h and in the channel sampling frequency of 200 KHz. I use the method of Fourier model tree. Five steps of the regression tree of Fourier model are composed of data preprocessing, Fourier series approximation, model tree, pre-pruning and segmentation step. These steps are introduced in detail in the article "Fast time-varying channel model research for data processing of wireless communication." Regression tree belongs to the improved method of decision tree. Generally speaking, the decision tree requires that data segmentation should be cut into small data set until they can't be subdivided. Decision tree is a greedy algorithm, and with the given eigenvalues to partition the data, it will make the best choice in a given time but don't care about whether the global optimum is reached or not. Data can be cut through the tree structure for complex data model, how to carry out effective data segmentation depends on the modeling way of the leaf node.
Firstly, I make model solving on imaginary parts of data and use the Fourier model tree to get the coefficients of the segmented Fourier series [4] . 
The Fourier formula of the left part is:
1.24 10 π cos π 2.47 10 π cos 2π 1.35 10 π cos 3π
And then draw the comparison picture of between the segmented Fourier series and the actually measured imaginary part data as shown in Figure 2 .
As shown in Figure 2 , the red line represents the fitting data, the blue line represents the actually measured data. Though the change trend can be fitted by the Fourier series with the change of velocity, the extension becomes more around the actually measured data and the data also gradually diffuse to surrounding due to the change of velocity. The deviation rate is calculated according to formula of variance. [
The Fourier formula is:
7.58 10 π cos π 1.51 10 π cos 2π 4.34 10 π cos 3π Draw the comparison picture of between Fourier series and the actually measured real part data as shown in Figure 3 .
The fitting data of Fourier series cover the actually measured data well as shown in Figure 3 , and the extensions around are not many. According to formula (10), I calculate the error of square difference, obtaining Dev real = 0.0541. According to data file 2, the actually measured data can be obtained at the velocity of 270 km/h and in the channel sampling frequency of 200 KHz. I use the method of Fourier model tree. Firstly, I make model solving on imaginary parts of data and use the Fourier model tree to get the coefficients of the segmented Fourier series.
{ 
1.30 10 π cos π 2.60 10 π cos 2π 8.54 10 π cos 3π
3.77 10 π cos π 7.53 10 π cos 2π 6.41 10 π cos 3π
Draw the comparison picture of between the Fourier series and the actually measured imaginary part data as shown in Figure 4 .
As shown in Figure 4 , the red line represents the fitting data, the blue line represents the actually measured data. According to the formula (10), I calculate square difference error of the Fourier series fitting data, getting Dev img = 0.0970. The square error is bigger because there are a few large deviation data points and the up and downs of curve movements do not coincide with each other also can be a reason. The Fourier coefficients are solved according to the real part data of data file 2.
[matrix
The Fourier series are: 
5.45 10 π cos π 1.09 10 π cos 2π 9.12 10 π cos 3π
1.43 10 π cos π 2.86 10 π cos 2π 9.31 10 π cos 3π
Draw the comparison picture of between the Fourier series and the actually measured imaginary part data as shown in Figure 6 .
The red line represents the fitting data, the blue line represents the actually measured data. According to the formula (10), I calculate square difference error of the Fourier series fitted data, getting Dev img = 0.1424.
The Fourier coefficients are solved according to the real part data of data file 3.
[ 
3.52 10 π cos π 7.04 10 π cos 2π 3.08 10 π cos 3π
Draw the comparison picture of between the Fourier series and the actually measured real part data as shown in The red line represents the fitting data, the blue line represents the actually measured data. According to the formula (10), I calculate square difference error of the Fourier series fitted data, obtaining Dev real = 0.0641.
Imaginary parts Dev img and real parts Dev real are shown in Table 1 at the different velocities. Making an illustration of velocity and offset is shown in Figure 8 . The cyan line represents deviation rate of imaginary parts, the red line represents deviation rate of real parts. With the increase of the velocity, the deviation rate of imaginary parts obviously increases and the deviation rate of real parts acts in the same way. With accelerating of the velocity, the deviation rate between the Fourier series fitted by the Fourier model tree and the actually measured data increases and so does the error.
The Simulation Model of Multipath Time-Varying Channel
In the condition of the certain carrier frequency of 3 GHz, the channel sampling frequency is 200 KHz and velocity is 90 Km/h. The maximum Doppler frequency shift can be solved in the condition of the velocity 90 Km/h according to the formula of Doppler frequency shift. 
By the same token, the Doppler frequency shifts can be got on the conditions that the mobile station with speeds of velocity 180 Km/h, 270 Km/h and 450 Km/h, as shown in The relevant parameters of channel including multipath numbers, multipath delay and multipath attenuation gain are chosen according to the typical urban model in the reference [5] 's appendix B. Specific parameters are shown in Table 3 .
The Simulation Results Are Solved by the Simulation Model of Time-Varying Channel to Verify the Method of the Fourier Model Tree
Three kinds of parameters as shown in 4.66 10 π cos π 9.32 10 π cos 2π 1.32 10 π cos 3π 0, 487
The Fourier series to the right side of the left branch's second branching point in the interval (487, 786] are: 
7.27 10 π cos π 1.45 10 π cos 2π 6.41 10 π cos 3π 0,103
1.44 10 π cos π 2.88 10 π cos 2π 3.53 10 π cos 3π 103, 484
3.21 10 π cos π 6.41 10 π cos 2π 8.24 10 π cos 3π 484,838
2.82 10 π cos π 5.64 10 π cos 2π 3.38 10 π cos 3π 838, 2160
Draw the comparison between the imaginary part fitting and the actually measured curve in Figure 10 .
As shown in Figure 10 , the blue line represents the actually measured data. The cyan line represents fitting data. The red line represents fitting data. The yellow line represents fitting data. The pink line represents fitting data. According to formula (10), the fitting square difference deviation of the imaginary parts is Dev img = 0.1677.
The Fourier model tree of the simulation data is fitted, but the overall effect is general and the deviation value is large. There is the phenomenon of too many segmentations. The fitting of real parts is divided into three Fourier series sections. The fitting of imaginary parts is divided into five sections of the Fourier series. Too many segmentations are also the cause which introduce error.
The Main Orthogonal Amplitude Modulation QAM
The QAM signal employs two orthogonal carriers which is similar to the PSK signal. From the AWGN channel, 
The Simulation Model of the Multipath Fading Channel
I use the simulation model of multipath fading channel to perform the 16 QAM modulation and draw the relationship diagram of BER changing with SNR in a range from 0 to 40 db. As shown in Figure 11 , the channel is the random channel due to the characteristics of multipath time-varying channel [6] . The influence of the signal transmission in it has a big fluctuation. The BER gains no much improvement at the high SNR. The BER more shows partially random features and the fluctuation is more severe. The BER value is lowered a little overall, but there are no obvious rules found in details.
I carry out the mathematical abstraction over the whole multipath time-varying channel model which makes it regarded as a common transmission channel in order to compare with the white Gaussian noise channel and compare with AGWN channel in the same condition. For the multipath time-varying channel, the abstract mathematical model usually employs the Jakes time-varying channel model. 
In the formula (30), 
The formula (30), (31) and (32) are Jakes model. I use the Jakes model to generate flat Rayleigh fading channel and compare it with the AGWN channel in the same SNR condition [7] .
As shown in Figure 12 , the BER of AGWN channel will obviously decrease with the increase of SNR compared with the Jakes channel, while the one of the Jakes model channel basically maintain at the same level and has no obvious change, which coincides with the characteristics of the random channel.
Conclusions
The complexity of the problem is simplified by establishing the simulation model of multipath fading channel. The first one thousand actually measured data of each category are used to train the Fourier model tree and then the rest of the simulation data are used for fitting prediction. The deviation rate between the data field of algorithm fitting and the actually measured data increases with the increase of the mobile station's velocity. According to the channel parameters, the simulation model of multipath time-varying channel is established at the velocity of 450 km/h. The impulse response sequence of channel is obtained. The first one thousand actually measured data are used to train the Fourier model tree and then the rest of the simulation data are used for fitting prediction. The deviation rate between the data field of algorithm fitting and the actually measured data is in a form of the real part Dev real = 0.2947 and the imaginary part Dev img = 0.1677. The channel is simulated and modeled base on matlab in this paper. The synchronous scrambling is used to perform the linear feedback shift for the generated scrambling sequence. In the selection of the signal source, the random signal source model is employed in this paper. The standard 127-bit length scrambler sequence processing is applied for the data flow. At first, the data sequence is shunted and then bit mixed processing is implemented in the process of coding. BPSK modulation is used and the OFDM modulation is performed for the modulated data [8] .
The Jakes model can be better compared with the AGWN channel in the same condition by using the multipath time-varying channel model. But I only extract the channel parameters of typical urban model in the attachment file and make no analysis of channel parameters of vehicles and pedestrain models, thus the channel model may have certain limitations. Moreover, the Jakes model can't fully reflect the characteristics of the simulation model of multipath fading channel.
Fund
National Natural Science Foundation Item Number 11372294.
